Aims/hypothesis To identify the impact of socioeconomic status on incident impaired glucose metabolism and type 2 diabetes and to investigate the mediating role of health behaviours on this relationship using national, populationbased data. Methods The Australian Diabetes Obesity and Lifestyle (AusDiab) Study is a national, population-based, longitudinal study of adults aged 25 years and above. A total sample of 4,405 people provided complete baseline (1999)(2000) and 5 year follow-up (2004-2005) data relevant for these analyses. Fasting plasma glucose and 2 h plasma glucose were obtained from an OGTT, and demographic, socioeconomic and behavioural data were collected by interview and questionnaire. Multinomial logistic regression examined the role of socioeconomic position in the development of diabetes and mediation analyses tested the contribution of health behaviours in this relationship. Results Highest level of education was a stronger predictor of incident impaired glucose tolerance and type 2 diabetes (p=0.002), compared with household income (p=0.103), and occupational grade (p=0.202). Education remained a significant independent predictor of diabetes in fully adjusted models. However, the relationship was attenuated by the health behaviours (smoking and physical activity). Mediation analyses indicated that these behaviours were partial mediators (explaining 27%) of the socioeconomic status-diabetes relationship. Conclusion/interpretation Smoking and physical activity partly mediate the relationship between low education and type 2 diabetes. Identification of these modifiable behavioural mediators should facilitate the development of effective health promotion campaigns to target those at high risk of developing type 2 diabetes.
Introduction
The prevalence of type 2 diabetes is rapidly increasing globally [1] . Environmental risk factors for type 2 diabetes are reasonably well established [2] but the impact of socioeconomic status (SES) is not well understood in relation to these. Although the strong relationship between SES and ill health [3] has been observed in prevalence studies of type 2 diabetes [4] , few population-based studies have examined the socioeconomic predictors of impaired glucose metabolism prospectively [2, [5] [6] [7] .
The development of type 2 diabetes is a multifactorial process that occurs over a lifetime [8] . The early risk factors for glucose metabolism impairment are catalysts for later risk factors, for example, socioeconomic factors influence an individual's life at an early age [3] , contributing to the development of unhealthy behaviour patterns over the life course [9] , which in turn promote obesity and inflammation [10] . Risk factors and associated health behaviours interact with one another and cascade over the life course but most studies tend to test for the significance of all risk factors in one model [4] . Some recent studies have begun to recognise the pathways through which socioeconomic adversity may promote disease progression [4, [11] [12] [13] . For example, prevalence and incidence data have indicated that physical activity and smoking may partly explain the relationship between socioeconomic adversity and diabetes [4, 11, 12] . These studies, however, have not employed adequate mediation analyses, nor have they included objective measures of diabetes status, and the results have been inconsistent [4, [11] [12] [13] .
The aim of this paper is to investigate the mediating role of health behaviours in the relationship between SES and impaired glucose metabolism, using data across all categories of glucose metabolism from a national, population-based sample.
Methods

Study population
The Australian Diabetes Obesity and Lifestyle Study (AusDiab) baseline methods and response rates are described in detail elsewhere [14] . In brief, it was a national, population-based survey of 11,247 adults aged ≥25 years in 1999-2000. A stratified cluster sample was drawn from 42 randomly selected census collector districts across Australia. Information was collected using a brief household interview, followed by a biomedical examination. Of the eligible adults, 70% completed the household interview, and 55% (n=11,247) of these completed the baseline biomedical examination [15] . In 2004-2005, all living eligible participants were invited to attend follow-up. Those who were considered ineligible included those who refused further contact (n=128), were deceased (n=310), had moved overseas or into a nursing facility classified for high care, or had a terminal illness (n=21). Among those eligible, 6537 returned for the 5 year follow-up where baseline assessment was repeated; the response rate was 60.6%. Compared with those who did not attend, attendees were significantly less likely to be hypertensive, to have a lower level of education attainment, or to be smokers and to have lower 2 h PG, HbA 1c , and smaller waist circumferences at baseline. Furthermore, a significantly larger proportion of non-attendees had abnormal lipid profiles at baseline compared with attendees [2] . Only those people with complete data were included in these analyses (n= 4,405). The study was approved by the International Diabetes Institute Ethics Committee, and written informed consent was obtained from all participants.
Measurements At baseline and follow-up, the physical examination included blood samples, anthropometric measurements and questionnaires. All participants except for those currently receiving treatment for diabetes or who were pregnant underwent a standard 75 g OGTT [15] . Details on the glucose and lipid assays used between studies can be found in detail elsewhere [2] . High levels of triacylglycerols were classified as serum triacylglycerols ≥2.00 mmol/l [2] . Treated hypercholesterolaemia was defined as anyone taking lipid-lowering medication. Blood pressure was measured using Dinamap or a standard mercury sphygmomanometer with appropriate adjustments made as previously described [14] . Hypertension was defined as having systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or reporting use of medication for treatment of hypertension. Height, weight and waist were measured as described previously [15] and the BMI was calculated as weight (kg) divided by height (m 2 ). Diabetes classification was based on plasma glucose results, using the 1999 WHO diabetes classification, as used previously [2] . Type 2 diabetes was classified on the basis of fasting plasma glucose (FPG) ≥7.0 mmol/l or 2 h plasma glucose (2hPG) ≥11.1 mmol/l or current treatment with insulin or oral hypoglycaemic agents. For those not reporting treatment for diabetes, FPG <7.0 mmol/l and 2hPG ≥7.8 mmol/l but <11.1 mmol/l indicated impaired glucose tolerance (IGT), FPG 6.1-6.9 mmol/l and 2hPG <7.8 mmol/l indicated impaired fasting glucose (IFG), and both FPG <6.1 mmol/l and 2hPG <7.8 mmol/l indicated normal glycaemia. An incident case of diabetes was defined as an individual who had normal glycaemia, IFG, or IGT at baseline but had developed diabetes by follow-up. Incident cases of IFG were defined as people who had normal glycaemia at baseline but had developed IFG at follow-up. Incident cases of IGT were defined as people who had normal glycaemia at baseline but had developed IGT at follow-up (this varied from the WHO classification of incident IGT, which incorporated baseline IFG). People with existing and newly diagnosed diabetes at baseline were excluded from the analyses.
Data on SES (education, total household income and occupational grade) were collected by an intervieweradministered questionnaire, as was information on smoking, leisure-time physical activity, and family history of diabetes. Education was classified into four categories, following responses to the question enquiring about the highest educational qualifications received: (1) secondary school education; (2) trade/technical certificates; (3) associate degree, undergraduate diplomas, nursing/teaching qualifications; and (4) bachelor degree, postgraduate qualifications. Total household income per week (in Australian dollars) was assessed by a question asking the participant to choose the closest income band for their total household income before tax. The responses were split into four groups: (1) people receiving <$400; (2) those receiving $400-$800; (3) those receiving $800-$1,500, and (4) those receiving >$1,500.
Participants were asked what kind of job their 'main job' was, the job in which they 'usually worked the most hours'. Retired people were asked a similar question about their 'main job' before retirement. These responses were coded into three categories: (1) professionals; (2) white collar employees; and (3) blue collar employees. Smoking history (current smoker, past smoker, or never smoked) was collected using a questionnaire on tobacco use that has been validated in Australian adults [16] . Total leisure-time physical activity reported for the previous week (none; insufficient: 1-149 min; sufficient: ≥150 min) was measured using the Active Australia questionnaire [17] . Diet was measured using the self-administered Anti-Cancer Council of Victoria food frequency questionnaire [18] , and an overall index of diet quality was created using a scale of 1-100 (with 100 indicating high diet quality) [19] . Another behavioural variable was assessed, sedentary behaviour. This is defined as behaviours that involve sitting or lying down and is characterised by low metabolic equivalent intensity levels. It is important to measure both physical activity and sedentary behaviour because they have different patterns of risk factors [10] . It was measured using self-reported television viewing, as used previously [10] ; this determined the total time spent watching television or videos in the preceding week. As a result of the large number of zero values reported for this variable, a constant of 0.5 was added to all values [20] .
Statistical analysis The comparisons of baseline characteristics between glucose tolerance categories, NGT (normal glucose tolerance), IFG, IGT, and type 2 diabetes, were performed using analyses of covariance, controlling for age and sex (to accommodate graded age and sex differences between the categories).
In keeping with the model of Baron and Kenny [21] , we first determined the direct association between SES and incident impaired glucose metabolism (step 1) (using multinomial regression analyses, with those with normoglycaemia as the reference group). To test the relative impact of each of the SES variables on glucose metabolism categories, education, income and occupation were assessed separately in a basic model, adjusting for age and sex. We then examined the association of SES with the baseline mediating factors, smoking, physical activity, diet quality and sedentary behaviour (step 2) (using linear regression for continuous and logistic regression for categorical variables), and the associations between baseline mediating factors and incident impaired glucose metabolism (step 3; multinomial regression analyses were performed). Next, we tested the extent to which mediating factors explain the relationship between SES and impaired glucose metabolism (step 4; again, using multinomial regression). Finally, the following components of the metabolic syndrome were integrated into the model, adiposity (waist circumference was included as the measure of adiposity because it is a better predictor of diabetes than BMI [22] ), systolic blood pressure (as a continuous variable, categorised by every 10 mmHg), HDL-cholesterol (as a continuous variable), and high triacylglycerol levels (as a binary variable). At each stage, age and sex were included as covariates. Previous research highlights sex differences in the relationships between SES, adiposity and diabetes [11] , therefore, sex by SES interactions were included in the models. In addition, to identify whether the value of education varied by age, age by education interactions were added to the regression models. The formula used to calculate the percentage of the variance explained by the mediating variables in the model was: (ORbasic model − ORadjusted)/ORbasic model − 1) × 100 [23] . Statistical analyses were conducted using SPSS 14.0. Table 1 presents the unadjusted baseline characteristics of the sample (only those with complete data, n=4,405), divided according to the categories of incident glucose metabolism. There were age and sex differences between the glucose tolerance categories, with a higher proportion of older people among those developing impaired glucose metabolism, and the IFG and type 2 diabetes groups were more likely to be male (p<0.001). With adjustments made for age and sex, people with diabetes at follow-up reported higher smoking rates, lower physical activity, poorer diet quality, and elevated sedentary behaviour (p<0.001), compared with those with normoglycaemia.
Results
Baseline characteristics
The group with NGT at follow-up had attained a significantly higher level of education than those with IGT and type 2 diabetes (p<0.001), and reported higher total household incomes than those with incident diabetes (p=0.036). There was a trend towards higher occupational grade in the NGT compared with IGT and type 2 diabetes groups but this was not statistically significant (p=0.057).
Socioeconomic status, impaired glucose metabolism and mediating factors The association between the SES markers and impaired glucose metabolism (step 1) was tested, including each SES indicator in the age-and sexadjusted basic model. Of the SES indicators, education emerged as a predictor for incident IGT and type 2 diabetes (p=0.002); however, income and occupational grade did not (p=0.103 and p=0.202, respectively). Therefore, only education was included as the SES marker in the mediation steps and subsequent risk factor models.
Education was associated with all of the mediating health behaviours (step 2), after adjustment for age and sex. Higher levels of education were associated with lower rates of smoking (p<0.001) and increased physical activity (p< 0.001), and associated with improved diet quality (p< 0.001) and reduced sedentary behaviour (p<0.001). Table 2 presents the mediating variables related to type 2 diabetes (step 3). People who developed type 2 diabetes were more likely to smoke (p=0.007), be physically inactive (p<0.001), and have poor diet quality (p=0.049). Sedentary behaviour was not related to type 2 diabetes (p= 0.23) but it was significantly associated with incident IGT (p=0.001).
The final stage of the mediation pathway (step 4) is displayed in Table 3 , demonstrating the effect of health behaviours on the relationship between SES and impaired glucose metabolism. The first model shown reiterates step 1: the relationship between education and the glucose tolerance categories. Education was shown to predict IGT and type 2 diabetes; those people in the lowest education categories were at significantly greater risk of developing IGT and type 2 diabetes than the group with the highest level of education, independent of age and sex. The second model included the potential mediating health behaviour variables; current smokers were significantly more likely to develop type 2 diabetes compared with non-smokers (p= 0.019), and exercise was a significant predictor of IFG (p=0.043) and type 2 diabetes (p=0.002), but not IGT (p= 0.96). Diet quality did not emerge as a significant predictor of abnormal glucose metabolism (p=0.73), whereas higher levels of sedentary behaviour were predictive of increased risk of IGT (p=0.001). The impact of education on IGT and type 2 diabetes was attenuated by the addition of smoking, exercise and sedentary behaviour, although the lowest education group remained significantly more likely to develop type 2 diabetes compared with those with a degree education. Cumulatively, health behaviours explained 27% of the relationship between baseline socioeconomic factors and incident type 2 diabetes, and 28% of the relationship between socioeconomic variables and IGT. The full model, with the inclusion of the components of the metabolic syndrome, showed that adiposity was significantly related to the development of IFG, IGT and type 2 diabetes (p<0.001). Systolic blood pressure and high levels of triacylglycerols were predictive of IGT (p=0.006 and p=0.001, respectively) and type 2 diabetes (p=0.002 and p<0.001, respectively), although HDL-cholesterol was not (p=0.40 and p=0.48, respectively). The addition of these biological markers of diabetes explained a further 9% of the SES-type 2 diabetes relationship and 19% of the SES-IGT association. The group with low levels of education still showed significantly greater risk of developing type 2 diabetes than the group with the highest education, even after accounting for behavioural and biological risk factors. Sex by SES and age by education interactions were included in each model but neither interaction was significant and these terms were removed.
Discussion
These analyses showed that socioeconomic status predicted diabetes risk across a range of glucose metabolism categories, and that this relationship was partly mediated by two health behaviours-smoking and physical activity. This study had a number of key strengths in relation to previous research exploring the socioeconomic gradient in type 2 diabetes. This is the first study to use a national, populationbased sample, with data across all categories of glucose metabolism. Similar studies have only included participants from restricted occupational settings [11] or community samples [12] . In addition, these novel analyses of the risk factors for diabetes aetiology explicitly examined the behavioural pathways through which socioeconomic risk factors may influence the impairment of glucose metabolism. It is also the first study to use a statistically appropriate, theorydriven method to explore this mediation. Previous work has suggested that the relationship between SES and diabetes incidence may be partially explained by behaviours [11] and obesity [13] ; however, the necessary steps to establish mediation had not been completed and therefore mediation could not be affirmed. The present study used the mediation model devised by Baron and Kenny [21] to examine the role of health behaviours in the SES-diabetes relationship.
The first mediation step established an inverse relationship between SES and diabetes incidence. This supports previous research, that being in a low socioeconomic group increases the risk of developing type 2 diabetes [4, 5, 11, 13] . Data from two studies from the USA found SES to be an important risk factor for diabetes in women [5, 13] ; however, both studies included doctor-diagnosed diabetes as their outcome. This is a less precise assessment of diabetes than the OGTT because approximately half of all diabetes is undiagnosed [24] .
The next steps of the mediation process identified the relationship between socioeconomic factors and the potential mediators, the health behaviours, (smoking, physical activity, diet and sedentary behaviour), and demonstrated the predictive impact of the behaviours on impaired glucose metabolism. Our statistical associations supported empirical evidence that socioeconomic factors do influence the health behaviours examined [9] , and that health behaviours predict the development of diabetes [2, 25, 26] .
Finally, we tested the mediation step demonstrating the effect of the health behaviours on the socioeconomic gradient in diabetes incidence. Smoking and physical activity attenuated the impact of SES on IGT and type 2 diabetes, adhering to the requirements of a mediator at each step of mediation. Diet and sedentary behaviour, however, did not retain significance with education in the model so cannot be considered possible mediators of the SESdiabetes relationship.
Understanding the chronological sequence in which risk factors exert their impact on the disease process helps to explain why, despite the inclusion of adiposity and the other biological risk factors in the final model, only an additional 9% was explained. One's involvement in healthy behaviours influences the development of obesity and lipid and glucose profiles [10] , and by including health behaviours earlier in our statistical models, much of the variance that could have been explained by the biological risk factors had already been attributed to health behaviours.
Despite the inclusion of the mediators, education remained significant even in the fully adjusted models. Other pathways must therefore exist to explain a proportion of this relationship. Previous research indicates that psychosocial risk factors, such as depression and work stress, may provide other mechanisms through which SES influences diabetes risk [11, 27] .
By including multiple outcomes of impaired glucose metabolism (IFG and IGT, as well as type 2 diabetes), this study aimed to identify the stage of the disease progression at which risk factors influence diabetes risk. We showed an effect of SES on the development of IGT and diabetes but found that socioeconomic factors did not significantly predict IFG. This is an unexpected finding because it was hypothesised that socioeconomic factors would be relevant from an early point in the disease process. The IFG group shared more similarities with the NGT group in terms of their socioeconomic profiles than with IGT or type 2 diabetes. Previous work has shown that those people with IGT are more likely to go on to develop type 2 diabetes than people with IFG [2] . Therefore, fewer people with IFG will develop type 2 diabetes, and the socioeconomic gradient may be less pronounced because of the heterogeneity in this IFG population. An earlier study also failed to show a relationship between socioeconomic factors and IFG; however, in that cross-sectional study, IGT, too, was shown not to relate to SES [4] . Very few studies have investigated risk factors for the early phases of diabetes progression and therefore more work is required to clarify this finding.
We have also shown that education was a more sensitive marker of socioeconomic status for the development of diabetes, compared with income and occupational grade. It is interesting that neither income nor occupation emerged as significant predictors of impaired glucose metabolism in this sample. Different markers of SES measure varying elements of one's socioeconomic position. Educational attainment is often considered to be a more stable marker of SES, being less susceptible to reverse-causality effects than other markers because it incorporates an element of childhood social environment [28] , as well as predicting adult socioeconomic circumstances. Household income is an indicator of the material conditions of one's environment [28] ; however, this measure of SES is complicated in retired populations, whose income is not commensurate with other socioeconomic aspects of their lives. Another alternative is occupational grade, easily collected and a measure of societal position according to occupational status and power [29] ; however, this marker can exclude unemployed populations. Our finding that education is more closely related to glucose metabolism and therefore a more sensitive measure of socioeconomic position in these analyses corroborates previous work [30] , although other studies have shown occupation and income to relate to diabetes risk [5, 11] . One's education may be more likely to affect one's understanding and knowledge of the health benefits of preventative behaviours [25] than having a high income or being in a high status occupation. This could explain why education shows a closer association with diabetes than other SES indicators. Another possibility is that, as an earlier life indicator of SES, education has a greater effect on the formation of behaviour habits that go on to shape behaviours in later life and subsequently influence health.
The national, population-based nature of this sample suggests that these findings could be generalised across populations of similar ethnicity and socioeconomic range, and the quality of the glucose tolerance data gives this work considerable weight. There are, however, limitations to be considered. The self-report recording of the behaviours means that the contributions of these variables may not be entirely accurate. Objective measures of behaviours, such as using accelerometers to record physical activity, could facilitate more reliable and valid measurements in the future. Although diet was not shown to be a mediator in these analyses, diet is very difficult to measure accurately [31] . Although we used diet quality to derive a multidimensional measure of diet, it is possible that individual components of diet, such as quality of fat or carbohydrate intake, might be more relevant to diabetes risk [26] . The origins of socioeconomic and behavioural risk factors can go back to the very early years of life, even in utero [8] . Unfortunately, the earliest indicator of socioeconomic position available for these analyses was education, and therefore we were not able to examine the socioenvironmental factors that influence early development and promote disease later in life. The small numbers of cases in different education categories meant that sex-specific analyses could not be performed. Despite significant support for the use of mediation models to enable a move beyond the simple observation of a relationship between an exposure and outcome [32] , some literature indicates that unmeasured confounding between the mediator and the outcome may bias the effect of the exposure on the outcome [33] . It is possible that, as with all mediated estimates, the mediated effect estimates presented in this paper may be subject to confounding bias.
This study provides further evidence of the link between socioeconomic inequality and diabetes risk, and implicates behaviours as pathways through which social adversity manifests itself in glucose metabolism impairment. By understanding the risk factors that explain a proportion of the SES-diabetes relationship, we can then identify interventions to target modifiable behaviours. Efforts should focus on providing additional supports at the social and environmental level to disadvantaged groups to promote healthy behaviours and to begin to eliminate socioeconomic inequalities in diabetes risk.
